Abstract-Reliability of Water Distribution Networks (WDNs) is one of the most important issues in planning and management of these networks. In the previous studies various indices have been proposed to evaluate the reliability of WDNs. These indices which have some advantages and disadvantages can also be an indicator for efficiency of WDNs. Since the Pressure Dependent Analysis (PDA) of WDNs has more accurate results than the Demand Dependent Analysis (DDA), then in this study a new index is proposed for reliability assessment of WDNs based on PDA. According to this index, the nodal pressures and the nodal available demands are the most factors influencing the reliability of WDNs. A sample network is also used to compare the new proposed index and the available indices and their efficiencies in assessing the reliability of WDNs.
Introduction
Knowledge about actual water distribution network (WDN) performance during different operation situations is a significant tool to control and manage the existing WDNs or design new WDNs. This concept has been known as reliability. Reliability is the ability of WDN to supply the required demand under sufficient pressure during normal and abnormal operation conditions [1] . Many reliability indices and models have been proposed up to now. For example Su et al. (1987) proposed a model for reliability assessment named the minimum cut set model [2] . They introduced a mechanical reliability criterion based on the direct simulation of WDS's operation by means of mathematical modelling. Bao and Mays (1990) considered failures resulting from hydraulic causes, such as high values of water demand and simulated system behavior by using Monte Carlo method and a hydraulic model [3] . Cullinane et al. (1992) [4] and Gupta and Bhave (1994) [5] Since the Pressure Dependent Analysis (PDA) of WDNs has more accurate results than the Demand Dependent Analysis (DDA), then in this paper an index is introduced based on PDA for determining WDN reliability to ensure a suitable design of these networks and also to establish the rehabilitation schedules for existing WDNs. According to the proposed reliability index the nodal pressures and nodal available discharges are the most factors influencing the reliability of WDNs. A sample network is used to compare the new proposed index and some of the available indices and their efficiencies in assessing the reliability of WDNs.
II. Material and Methods
In this paper some of the available reliability indices (Table 1) are evaluated using a sample WDN (Fig. 1) . Then based on the weakness and strength points of the studied indices and implementing PDA, a new reliability index is presented. The general characteristics of the sample WDN are shown in Table 2 . The pressure-discharge relation used in the PDA is as below [10] : 
III. Results and Conclusions
The new reliability index which is called as total nodal reliability, is written as (2) . The reliabilities of the sample WDN for different head values of the reservoir based on the various reliability indices are proposed in Table 3 . As it can be seen in this table, according to the index proposed by Tanyimboh (1993) [6] , increase in reservoir head and then increase in nodal pressures up to and higher than the maximum allowable amount, will lead to increase in the reliability of WDN. While for pressures higher than the maximum allowable amount, pipe burst rate and leakage volume increase and then the reliability will be decreased. In fact in the index proposed by Tanyimboh (1993) [6] , irregular increase of pressure has not been taken into consideration. The indices proposed by Todini (2000) [7] and Jayaram (2006) [8] sometimes have negative values. These indices also increase by increasing the nodal pressures to values higher than the maximum allowable amount which is an evidence for their weakness. Between the examined reliability indices, the index proposed by Ghajarnia et al. (2009) [9] is the only reliability index in which the increase of pressure to values higher than the maximum allowable amount has been taken into consideration as a decreasing factor of WDN reliability. This index is preferred among the other indices from this point of view. Since the proposed reliability index is a normalized index and has values between zero and 1, then the size of WDN has not any impact on the value of this index and comparison of various WDNs using this index will be possible. But abnormal indices such as one proposed by Ghajarnia et al. (2009) [9] cannot be used for comparison of various WDNs with different sizes. Because according to an abnormal index, the reliability of WDNs increases by increasing their size and then the comparison results will be ambiguous.
IV. Conclusions
Since the PDA has more realistic results in comparison to DDA and on the other hand the presented reliability index is based on PDA, then this index is a more appropriate one for evaluating the reliability of WDNs. Another advantage of the presented reliability index is that, it is a normalized index and has values between zero and 1.
